Levels of ploidy, karyotype, mitosis and relative DNA content of chromosomes in crown gall tumor cells in stem and leaf of Crepis capillaris were studied. Except for about 7% tetraploid mitoses, dividing cells were found to be mainly diploid in both stem and leaf tumors. The karyotype and mitosis in tumor cells were not detectably different from normal cells. The relative DNA content of homologous pairs of chromosomes in the genome of tumor cells was similar to that of root tip cells. These observations indicate that no dramatic change in DNA content or DNA distribution occurred when tissue was transformed to crown gall tumor.
INTRODUCTION
Karyological observations and microphotometric studies have been widely used to study the ploidy, karyotype, mitotic process and DNA contents of nuclei in crown gall tumor tissues. Identified by mitotic figures, polyploid cells have been observed in almost all plant species examined, for example, Vicia faba (Therman 1956; Kupila-Ahveniemi and Therman 1974) , Lath yrus odoratus and Haplopappus gracilis (Kodama 1970) , and Pisum sativum (Kodama 1975) . Helianthus annuus was exceptional, having only diploid cells (Kodama 1970) . Where karyotypes were available from crown gall cells in vivo, almost all were "normal" when compared with karyotypes from nontumorous cells (Kodama 1970 (Kodama , 1972 (Kodama , 1974 (Kodama , 1975 , except for Haplopap pus gracilis in which some types of abnormality were observed (Kodama 1970) . In cultured crown gall tumor cells of Crepis capillaris, however, several types of chromosome aberrations were observed (Sacristan and wendt-Gallitelli 1973) . Mitotic processes in crown gall tumor cells were observed to be unexceptional in almost all species examined, except in Haplopappus gracilis (Kodama 1970) . Polyploid levels of DNA content of interphase nuclei in crown gall tissue were shown by microphotometric measurement to occur frequently in Vicia faba (Rasch et al. 1959) . In several species belonging to Umbelliferae, Solanaceae and Compositae, DNA content in tumor tissue was generally within the diploid limits, but a limited number of cells showed octaploid or even 16-ploid level (Broekaert and Van Parijs 1978) . In sunflower (Helianthus annuus) crown gall it was reported that the diploid level of DNA content was predominant (Broekaert et al. 1976) .
It may be possible that although major changes in chromosome morphology can not be recognized, variation in DNA content might be recognized in the chromosomes of crown gall tumor cells when compared with those of root tip cells. To know the relative DNA content of the different chromosomes in genome of crown gall tumor cells is of interest in that, when the tissue is transformed to tumorous growth, one specific chromosome may show an altered DNA content as a result of the transformation process. No information is currently available on this possibility.
In the present study the relative DNA content of each of the three pairs of homologous chromosomes in the genome of Crepis capillaris crown gall tumor cells was studied and compared with that from normal cells. In addition, ploidy, karyotype and mitosis were compared between the two types of cell.
MATERIALS AND METHODS
Plants of Crepis capillaris were grown in the greenhouse from seeds supplied through the courtesy of Professor R. Tanaka, Hiroshima University. The flower stem and main vein of the leaf were inoculated by hypodermic needle with an aqueous suspension of Agrobacterium tumefaciens strain B6 when the stem was about 10 cm long. The sites of inoculation had been pricked with a sterile hypodermic needle 2 days before inoculation of the bacteria.
Crown gall tissues were excised from stems and leaves 3 weeks after inoculation for preparation (cf. Fig. 1 ). Tissues were fixed in a mixture of ethanol and acetic acid (3:1) for four hours, stained by the Feulgen procedure, and squashed. No pretreatment for chromosome preparation, such as with 8-hydroxyquinoline or colchicine, was used before fixation. Measurement of DNA content of individual chromosomes was done by photographic colorimetry (Mitchell 1977) . The Feulgen-stained, squashed material, was photographed using Kodak Plus X film. Photographic enlargements were printed on Kodabromide paper, grade 2. In this study individual chromosome images in a mitotic plate were cut separately from the enlargement so that a measure of the DNA content of each chromosome was obtained. Chromosome images used were those at metaphase.
Although the DNA content was measured on individual chromosomes, the DNA content was recorded as for each homologous pair of chromosomes, because it was obviously difficult to distinguish between homologues.
RESULTS AND DISCUSSION

Ploidy
The chromosome number in root tip cells of Crepis capillaris is 2n=6 (Fig.  2) . In stem tumors, 3-week-old, occurrence of tetraploid cells (Fig. 2) was 13 out of 157 mitotic cells observed, all others being diploid (Fig. 2, Table 1 ). In leaf tumors, 3-week-old, only 3 out of 49 mitotic figures observed were tetraploid. The remainder were diploid (Fig. 2, Table 1 ). No cells with ploidy levels higher than tetraploid were observed in either tumor location (Table 1) .
The frequency of occurrence of tetraploid cells in 3-week-old stem tumors (Kodama 1975) or Lathyrus odoratus (44.7%) (Kodama 1970 ) both belonging to Leguminosae, and is similar to that of stem tumors of Haplopappus gracilis (9.7%) belonging to Compositae. This tendency might be attributable to the different family characteristics of the species studied. It is likely that the occurrence of polyploid mitosis in tumor tissue is only the result of the response by the host plant to the wound made prior to, or at the time of, inoculation (Kodama and Mitchell 1982) rather than some general effect of the bacterial infection. The occurrence of polyploid mitoses as a result of wounding is most likely to be a reflection of the degree of ploidy already present in the tissue before wounding (Broekaert and Van Parijs 1978; Mitchell 1979; Kodama and Mitchell 1982; cf. D'Amato 1977; Nagl 1978) .
Karyotypes
The normal diploid karyotype of Crepis capillaris was reported by Sacristan (1971) . The chromosome set is composed of the longest J-shaped pair ("L" chromosomes, according to Sacristan 1971) , the second I-shaped with satellite ("SAT", according to Sacristan 1971) , and the shortest J-shaped ("S", according to Sacristan 1971) (Fig. 3) . In the present study the arm length of each pair from the normal diploid set in root tip cells was measured in 5 nuclear plates, including 3 metaphase and 2 anaphase. The average from characteristics of each pair are represented in Table 2 and Fig. 4 .
From stem tumors, 10 diploid mitotic figures, metaphase and anaphase, and 1 tetraploid figure were available to compare the karyotype with that of root tip cells. Tumor diploid chromosome sets were observed to be similar in shape to that of root tip cells (Fig. 3) , and tetraploid set was observed to be simply doubled. Measurements of chromosome arms were made in 6 plates, including 5 metaphase and 1 anaphase. The average form characteristics of each pair of chromosomes were very similar to those of root tip cells (Table 2 , Fig. 4) . Two metaphase chromosome sets from leaf tumor tissue were also similar in shape to those of root tip cells (Table 2) .
In crown gall tumors in vivo no karyotype abnormality has been so far observed except for Haplopappus gracilis (Kodama 1970) . In the present study, Crepis capillaris was also found to be normal. On the other hand, in cultured crown gall tumor tissues of Crepis capillaris several types of aberrant karyotype were observed by Sacristan and Wendt-Gallitelli (1973) . They reported, however, that in the early stages of the growth of the culture a very low proportion of mitotic anomalies was observed. This observation was in agreement with the generally accepted assumption that chromosomal changes were not involved in the initiation of tumors. The aberrant karyotypes observed by Sacristan and Wendt-Gallitelli (1973) were most likely due to the prolonged cell culture in vitro.
Mitosis
Anaphase separation of chromosomes was observed to be normal in both stem and leaf tumors (Fig. 2) . No abnormal figures were observed in any other mitotic stages in tumors from both stems and leaves.
Relative DNA content of chromosomes
The results of the measurement of relative DNA content of each homologous pair of chromosomes in a chromosome set from root tip cells are shown in Table 2 . Four metaphase plates were measured. The average DNA content per pair of chromosomes, and the percentage of the total DNA, is shown in Table 2 . The results of measurements of chromosomes from stem and leaf tumors are also shown in Table 2 . In stem and leaf tumors, a total of 6 metaphase plates was measured.
The diagrams of average actual chromosome length, average relative length, including arm ratio, and average relative DNA content of a pair chromosome in a genome from root tip cells and tumor cells are shown in Fig. 4 .
It was found from these DNA measurements that the relative DNA content of each homologous pair of chromosomes in a genome was very similar between root tip cells and crown gall tumor cells. This indicates that no dramatic alteration in DNA content occurs when tissue is transformed to crown gall tumor. Another observation was that the relative DNA content of chromosomes closely paralleled the relative length of chromosomes (Table 2, Fig. 4 ).
